Abstract The presence of Vibrio isolates was investigated in cloacal swabs from the Galápagos marine iguana (Amblyrhyncus cristatus). Such unique iguana is endemic to the Galápagos Archipelago, it is listed as vulnerable in the IUCN Red List (2009), and is strictly protected by CITES and Ecuador laws. Our results revealed an uneven isolation frequency of vibrios from animals living in different settings: maximal among the Santa Fe population, scarce at Bahía Tortuga but practically absent in the samples from Puerto Ayora and Plaza Sur. A 16S sequencing confirmed that the isolates belonged to the genus Vibrio, placing them within the V. alginolyticus group; the biochemical identification was, indeed, consistent with V. alginolyticus features. The reason of the observed discrepancy is not clear, but could be either linked to a higher pollution in the inhabited or more touristic places or to differential influence of chemical and physical parameters at a local scale. As V. alginolyticus is an opportunistic pathogen for man and it is known to cause disease in sea-living animals, the ability of these vibrios to enter and persist to a certain extent in the marine iguana gut should be regarded as a risk for health of both the animals and the human personnel involved in monitoring activities.
Introduction
The genus Vibrio encompasses more than 70 recognized species, mostly found in marine environments including coastal waters, and sediments, estuaries and aquaculture settings . Vibrios have been demonstrated to reach high densities when associated to the surface and/or interiors of marine organisms such as clams (Sawabe et al., 2003) , fish (Arias et al., 1995; Grisez et al., 1997; Huys et al., 2001) , corals (Rosenberg and Ben-Haim, 2002) , copepods (Huq et al., 1983; Montanari et al., 1999; Turner et al., 2009 ) and other zooplankton organisms (Baffone et al., 2006; Heidelberg et al., 2002; Johnson and Shunk, 1936; Suantika et al., 2001; Verdonck et al., 1994 Verdonck et al., , 1997 Ringo and Birkbeck, 1999) , shrimps (Gomez et al., 1998 Vandenberghe et al., 1998 , Chironomus egg masses (Broza et al., 2005) , sponges and seagrasses (Stabili et al., 2008; Wang et al., 2008) . Such a wide range of interactions is linked to the genome plasticity (Rowe-Magnus et al., 2002) and flexible physiology, that allow vibrios to survive, thrive and persist in several settings of environmental conditions; the same flexibility accounts for their high efficiency in coping with global climate changes (Lipp et al., 2002) .
Some species are able to cause disease in humans and sea-living animals (Chakraborty et al., 1997) and seem to enhance their pathogenicity potential as the sea-water temperature increases (Kushmaro et al., 2001; Martin et al., 2002; Rosenberg and Ben-Haim. 2002; Sechi et al., 2000) .
The widespread presence of vibrios in marine environments, the ability of these microorganisms to live on marine animals or in their gut prompted us to start an investigation aimed at assessing the presence and/or isolation frequency of Vibrio species from the gut of Amblyrhyncus cristatus, the Galápagos marine iguana. In fact, no data are available for this reptile, among the most representative animal species of the Galápagos Islands. A. cristatus is endemic to the Galápagos, where it is widespread in all major islands and several islets; it is listed as vulnerable in the IUCN red List (2009) and is also strictly protected by the Convention on International Trade in Endangered Species (CITES) and Ecuadorian laws.
Both males and females show high fidelity to breeding sites, although, as a consequence of feeding behavior, males might be susceptible to some dispersal (Rassmann et al., 1997; Wikelski & Trillmich, 1997; Romero & Wikelski, 2001 ). In fact, marine iguanas gather all of their food in red or green algae mats of the intertidal zone, exposed during the low tide; only the largest individuals (mostly males, 5% of each population) are able to dive and reach the submerged subtidal algae (Hobson, 1965; Wikelski and Hau, 1995) Wikelski and Trillmich, 1994) . As for strictly herbivorous animals, marine iguanas' digestion is assisted by hindgut-associated fermenting bacteria, mainly anaerobes, able to hydrolyze algae cell walls (Mackie et al., 2004) . 
Results and discussion

Screening for culturable vibrios
The presence of vibrios was investigated on four Amblyrhynchus populations living in different sites: two were located in Santa Cruz Island (Puerto Ayora and Bahìa Tortuga, respectively) and the other two in Santa Fe and Plaza Sur islands (Fig. 1) .
The four sampling sites have different characteristics: Santa Cruz (986 km²) is a large dormant volcano and harbours the largest (several thousand people) human population in the archipelago;
Puerto Ayora (PA) is the coastal town with an active touristic harbor, well within Academy Bay, supposed to be the most impacted costal site in Santa Cruz. Tortuga Bay (TB) is a touristic beach on the coast just 2.5 km west of Puerto Ayora. As it is located outside Academy Bay, human impact is supposed to be minor. Plaza Sur (PS) is a very small (0.13 km²) island east of Santa Cruz, opened to tourism; at this site a huge colony of sea lions (Zalophus californianus wollebaeki) can be found.
Santa Fe (SF) is a small island (24 km
2 ), south-east of Santa Cruz, not inhabited by humans, where tourists can access only during daily excursions, following a restricted itinerary along short trails; Santa Fe hosts several stable groups of marine iguanas, located in correspondence of site where trophic resources are mostly available; the closest human settlement is Puerto Ayora, about 30 km far.
The presence of vibrios in the four samples sites was uneven ( isolates were picked and transferred to Italy, together with pure cultures of one isolate for each observed colony morphology from marine iguana samples.
To verify whether similar differences would concern other microbial populations in the cloaca of marine iguanas or not, we also looked for the dominant Enterobacteriaceae species in the same samples. Enterobacteria were more evenly distributed among animals in the sampled sites, Salmonella enterica and E. coli being the most represented ones in all the animal populations. In the adjacent, more anthropized sites PA and TB, S. enterica and E. coli were quite equally represented, whilst in IMPS and IMSF samples Salmonella overcame E. coli, being 70 and 64% versus 18 and 14%, respectively (Fig. 2B) . The less represented species included Serratia spp, 1 isolate from TB and 2 from both PS and SF; Citrobacter sedlakii, 2 isolates in PA; Leclercia adecarboxylata, 2 isolates in SF; Yersinia ruckeri 1 and 2 isolates found in PS and SF, respectively.
Biochemical and molecular characterization of the Vibrio isolates.
In Italy, the isolates were plated on marine agar, were most of the tiny green colonies, were found to be light-orange pigmented, a few produced a diffusible brown pigment. All of these were oxidase positive, non fermenting bacteria; 12 isolates of the orange pigmented isolates and two of the brown pigmented ones, randomly chosen, were subjected to 16S sequencing and analyzed with the Classifier program at the Ribosomal Database Project site, that identified them as Shewanella, and "unclassified Alteromonadales", respectively. The presumptive vibrios (a total of 24 strains) gave creamy and large colonies and were examined for cell morphology and motility, Gram stain, oxidase and glucose fermentation; all of them were consistent with Vibrio general characteristics and were subjected to a further characterization with Api20E, Api50CH and conventional testing (Tab. 1). The results were used to follow the set of dichotomous keys proposed by Noguerola and Blanch (2007) ; the PA isolate was identified as Vibrio orientalis while the IMSF and IMTB isolates were partitioned into three phenotypic profiles, all of which assigned to V. alginolyticus. 16S amplimers were obtained from IMSF, IMTB and SL isolates, in order to investigate the possible clonal origin for the larger clusters.
An analysis with clustalW (Thompson et al., 1994) revealed a very high homology among all the IM-and SL-isolates, whose 16S sequencies formed four close clusters sharing a 99% homology with both V. alginolyticus and V. parahaemolyticus (see Supporting Information). A phylogenetic tree ( Fig. 3) was constructed with one sequence belonging to the each of the four detected clusters.
Although Galápagos vibrios are not clonal, they cluster in a very well characterized group, which is phylogenetically very close to V. alginolyticus; they are biochemically undistinguishable from this species. The uneven distribution we have found suggests that (i) these vibrios are not part of the resident microbiota of marine iguanas and (ii) their presence most probably relates to environmental conditions, with Galápagos marine waters acting as the reservoir.
Despite the number of sites investigated is limited, our results indicate heterogeneity in terms of both presence/absence and frequency of Vibrio isolates. In this regard, the case of Puerto Ayora is instructive: the lack of isolates (with the only exception of a V. orientalis single colony) supports the findings from Simidu et al. (1977) , who demonstrated the absence of Vibrio from marine waters within Tokyo Bay, as a consequence of human impact.
The observed heterogeneity may also be a reflection of spatial and temporal local variations in the chemical and physical parameters of sea waters surrounding Galápagos that has been observed by the Center for Galàpagos studies using time-series satellite imagery (http://galapagos.unc.edu/research/snapshots/ongoing-project-descriptions/water_quality).
This hypothesis seems to be supported by the distribution of Enterobacteriaceae species within marine iguanas from the different sampling sites. This is more homogeneous and most probably reflecting human proximity where E. coli frequency is higher, while it is shifted towards Salmonella in the wild status. Therefore, the different incidence of Vibrio could actually be directly influenced by water quality.
Further studies will clarify the dynamics through which heterogeneity originates, accounting for spatial and temporal implications. These studies would be very important to assess the level of propagation among marine iguanas and/or other Galapagos wildlife, together with the potential concerns for personnel involved in their managing. 
Identification was performed with Api 20E and Api 50CH strips, and additional tests described by Alsina and Blanch (1994) . The suspension medium for Api 20E was marine salts 2% (MacDonell et al., 1982) ; a saturated solution of NaCl was added to Api50 CHE medium, to reach a final concentration of about 1.8%. Incubation temperature for the enzymatic test and NaCl tolerance was 30°C; the tests were read daily for 3 days.
Growth at different temperatures was determined in TSB medium added with 1.5% NaCl. All of the isolates yielded positive results for oxydase, indole, NO3 reduction, lysine decarboxylase; growth at 22°C, 30°C, 35°C and at 3%, 6%, 8% NaCl; indole; gelatinase; fermentation of D-fructose, D-glucose, D-maltose, glucose, glycerol, glycogen, mannitol, N-acetylglucosamine, potassium gluconate, starch and sucrose. The following tests yielded negative results for all the tested isolates: growth at 0% NaCl; urease; phenylalanine deaminase; VogesProskauer; arginine dihydrolase; 
